Introduction: Calciphylaxis is a rare but serious systemic disorder characterized by small vessel calcification leading to tissue ischemia. Abnormalities in mineral metabolism that are often associated with uremia are important predisposing factors. The optimal therapy for calciphylaxis is prevention through rigorous control of phosphate and calcium balance. We here present two cases of calciphylaxis that responded to an intensive treatment protocol based on cinacalcet.
Introduction
Calciphylaxis is a rare but serious disorder characterized by systemic medial calcification of the arteries that was first described in 1962. Unlike other forms of vascular calcifications, calciphylaxis is characterized by small vessel mural calcification with or without endovascular fibrosis, extravascular calcification and vascular thrombosis, leading to tissue ischemia [1] .
Calciphylaxis most commonly occurs in patients with end-stage renal disease (ESRD) who are on hemodialysis (HD) or who have recently received renal transplantation [2, 3] . However, it does not exclusively occur in ESRD patients [4] [5] [6] [7] [8] [9] . Its incidence appears to be increasing due in part to the practice of treating severe hyperparathyroidism with calcium-based phosphate binders and vitamin D analogs [10] . A cross sectional study of 242 HD patients in an outpatient unit revealed a prevalence of 4% [11] .
The pathogenesis of calciphylaxis is poorly understood. Abnormalities in mineral metabolism that predispose to vascular and soft tissue calcification in uremia are clearly involved [10] , but no single abnormality is sufficient to predict the development of this disorder. For reasons that are unclear, additional factors are involved in calciphylaxis. Possible mechanisms to account for the more severe reduction in blood flow are intimal fibrosis associated with the calcifications, massive mural calcifications of the dermohypodermic arterioles, and thrombus formation within the venules [1] .
Hyperparathyroidism, vitamin D supplementation, hyperphosphatemia, and an elevated or normal plasma calcium concentration all play a role in calciphylaxis [1, 12] . However, these factors are commonly present in ESRD and none is sufficient to explain why calciphylaxis is so rare. A role for parathyroid hormone is supported by the reported clinical improvement following parathyroidectomy and by the ability to experimentally In two studies consisting of 25 dialysis patients with the disorder, other significant risk factors were found to be white race, morbid obesity, recent severe weight loss, administration of warfarin, and low serum concentrations of albumin [13, 14] .
The optimal therapy for calciphylaxis is prevention through rigorous control of phosphate and calcium balance. Calcimimetics are agents that allosterically increase the sensitivity of the calcium-sensing receptor (CaSR) in the parathyroid gland to calcium [15] . The CaSR is the principal factor regulating parathyroid gland PTH secretion and hyperplasia. The separate target offers the potential to suppress PTH by mechanisms complementary and potentially synergistic with vitamin D analogues. Cinacalcet is currently the only available calcimimetic. We here present two cases of calciphylaxis that responded to an intensive treatment protocol based on cinacalcet.
Case series Case 1
Our first patient was a 60-year old lady with ESRD due to diabetic nephropathy. She had been on regular HD for two years preceded by another two years on peritoneal dialysis. She presented with four months history of painful non healing ulcers on her right leg.The ulcers were necrotic in appearance despite intact peripheral pluses. She had good ulcer care and reasonably controlled diabetes; however, her ulcers were still not healing.
Her hemoglobin was 11.6 g/dl, calcium 11.6 mg/dl, phosphate 6.6 mg/dl, parathyroid hormon (PTH) 1450 pg/ml, albumin 3.4 g/dl and Kt/V 1.03. Her medications included sevelamer 1600 mg TDS and alfacalcidol 0.75 mcg daily. A clinical diagnosis of calciphylaxis was made and confirmed by ulcer punch biopsy. The patient was started on cinacalcet 30 mg daily and advised to increase her non-calcium based phosphate binders. Cinacalcet dose was later titrated up to 90 mg daily. Low calcium dialysate was used and alfacalcidol was held. She was also offered appropriate dietary advice, aggressive ulcers care, and adequate pain control. The ulcers healed almost completely within 6 month of this therapy. Her renal bone profile by then revealed a calcium level of 9.4 mg/ dl, phosphorus 4.4 mg/dl and PTH 450 pg/ml.
Case 2
The second patient was a 58-year old gentleman with advanced chronic allograft nephropathy at 12-year post transplantation. His primary renal disease was hypertensive nephrocalcinosis and he was not diabetic. He presented with painful, non healing ulcers on his calf. The ulcers were tender and very necrotic in appearance with intact peripheral pulses (Figure 1 ). His serum creatinine was 4.4 mg/dl with an estimated glomerular filtration rate of 16 ml/min. His hemoglobin was 10 g/dl, calcium 12.4 mg/dl, phosphate5.9 mg/dl, albumin 3.7 g/dl and PTH 1009 pg/ml. He was using sevelamer 800 mg TDS as phosphate binder and his alphacalcidol was recently stopped.
A clinical diagnosis of calciphylaxis was made based on his renal bone profile and the ulcers morphology. He was managed with aggressive ulcer care and analgesia to control the pain. He was commenced on cinacalcet 30 mg daily titrated later up to 90 mg daily. His phosphate binders were increased along with appropriate dietary advice. Within three months of this management, his renal bone profile was within target limits, he was pain free, and his ulcers had significantly improved ( Figure 2 ).
Discussion
The occurrence of calciphylaxis is frequently precipitated by a specific event, such as local skin trauma and/or injections. Such a precipitant was not evident in these two patients. Calciphylaxis is typically characterized by areas of ischemic necrosis that usually develop in the dermis, subcutaneous fat, and less often in muscle. These ischemic changes lead to livedo reticularis, painful, plaque-like subcutaneous nodules on the trunk, buttocks or proximal extremity, which are areas of greatest adiposity [2] . The initially noted purpuric plaques and nodules subsequently progress to ischemic/necrotic ulcers that often become super infected. Infection has a grave impact on prognosis [10] , and its absence may have contributed to the favourable response to therapy in these two patients.There is no diagnostic laboratory test for calciphylaxis. High plasma levels of PTH, phosphate, and calcium and a positive bone scan are consistent with the diagnosis, but all of these abnormalities are not always present [4, 6] . Bone scintigraphy is not routinely utilized as a diagnostic tool, but noninvasive imaging modality can aid in both diagnosing the disease and monitoring its progression. The diagnosis of calciphylaxis is usually suggested by the characteristic ischemic skin lesions. It is then confirmed by skin biopsy which shows arterial occlusion and calcification in the absence of vasculitic change [16] . The most common pathologic finding in both early and late stage cases is acute and chronic calcifying septal panniculitis [16] .
Given the high mortality associated with calciphylaxis, early recognition and treatment are essential. The optimal therapy is prevention. Rigorous control of phosphate and calcium balance should avoid the metabolic milieu in which calciphylaxis may occur. There are no controlled studies for the treatment of established calciphylaxis, and specific therapeutic regimens have been limited to isolated cases.
A reasonable plan of intervention should include an aggressive program of wound care, adequate pain control, and correction of underlying abnormalities in plasma calcium and phosphorus concentration. This includes cessation of vitamin D supplementation, the use of low-calcium dialysate and non-calcium based rather than calcium-based phosphate binders for the treatment of hyperphosphatemia. Avoidance of local tissue trauma, including subcutaneous injections and transfusion of blood products, is also important.
The role of urgent parathyroidectomy is uncertain even in calciphylaxis associated with frank hyperparathyroidism. Surgical series suffer from selection bias and small numbers of patients [17, 18] . A number of novel and experimental therapies have been evaluated in calciphylaxis. In an experimental model, administration of bisphosphonate inhibited calciphylactic reaction in rats treated with sub-lethal doses of vitamin D [19] . In addition, six doses of intravenous pamidronate therapy were reported to resolve the calciphylaxis lesions in a chronic renal failure patient [20] . In a series of five patients, hyperbaric oxygen therapy consisting of 25-35 ninety-minutes sessions at 2.5 atmospheres resulted in complete healing of extensive necrotic ulcers in two individuals while lesions did not respond in the remaining three patients [21] . Prednisolone is another potential therapeutic agent. In a single center study, prednisolone resulted in stabilization or improvement in eleven out of fourteen patients with non-ulcerating calciphylaxis plaques. However, given the lack of an adequate control group and the marked infection risk associated with corticosteroids use, further studies are clearly needed to evaluate the role, if any, of corticosteroids in this setting [10] . In another two case reports, intravenous sodium thiosulfate given either three or four times per week successfully relieved the signs and symptoms of calciphylaxis [22, 23] . Success in another patient was also reported with the combination of intravenous sodium thiosulfate and continuous venovenous hemofiltration with low calcium replacement fluids [24] . The response of calciphylaxis to any therapeutic regimen is never assured and the prognosis remains poor [10] . Features that negatively impact on prognosis include more advanced disease at the time of therapy as well as the presence of proximal ischemic and necrotic lesions in the skin and soft tissues [10] . Infection is the primary cause of high mortality associated with this condition, up to 80% in one report. [10] There are few reports of successful management of calciphylaxis by using cincalcet in the literature [25] [26] [27] [28] . The potential role of calcimimetics in the treatment of calciphylaxis, as demonstrated by these two reported cases, warrants further studies. This would simplify the management of a serious condition without the need to resort to invasive measures such as parathyroidectomy.
Conclusion
Calcimimetic therapy may have a beneficial role in inducing ulcer healing in patients with calciphylaxis. 
